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Abstract 

Recurrent aphthous ulcer (RAU) is an inflammatory condition of the oral mucosa characterized by painful, well-circumscribed, 
single or multiple round or ovoid ulcerations. The exact etiologic factor(s) of these ulcerations are not yet understood. The 
objective of this study was to evaluate inflammatory processes and free radical metabolism of 25 patients with RAUs compared 
to 25 healthy controls. The levels of malondialdehyde (MDA) and glutathione (GSH) were determined by high-performance 
liquid chromatography. Tumor necrosis factor-alpha (TNF-a), interleukin-2 (IL-2), IL-10, and IL-12 were deter- 
mined by ELISA. Nitric oxide (NO), myeloperoxidase (MPO), total antioxidant status (TAS), and total oxidant status (TOS) 
levels were measured spectroscopically in serum. The levels of MDA, GSH, TNF-a, IL-2, IL-12, MPO, and TOS, and oxidative 
stress index (OSI) were higher, and the levels of NO, IL-10, and TAS were lower in patients with RAU than in controls. 
Statistical analysis showed that GSH, TNF-a, IL-2, IL-10, and OSI differed significantly in patients with RAU compared to 
controls. These parameters have important roles in oxidant/antioxidant defense. 
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Introduction 

Recurrent aphthous ulcer (RAU) is a lesion of the oral 
mucosa that is characterized by multiple recurrent, small, 
round or ovoid ulcers with circumscribed margins, 
erythematous haloes and yellow or gray floors (1-3). 
Although RAU lesions are very commonly observed in 
the oral mucosa, the exact etiological factor(s) are not yet 
understood. Contributing factors include allergies, genetic 
predisposition, hormonal influences, hematologic abnor- 
malities, immunologic factors, infectious agents, nutritional 
deficiencies, smoking cessation, stress, and trauma. These 
factors have a direct or indirect potential for disturbing the 
equilibrium between oxidant and antioxidant systems in 
humans. The formation of free radicals could be acceler- 
ated and toxic reactions could occur once this equilibrium is 
disturbed (4,5). 

Reactive oxygen radicals are the most common free 
radicals present in biological systems. Oxidative stress 
occurs when intracellular concentrations of free radicals 
increase over the physiological values, which results in 
cell damage by lipid peroxidation, DNA and protein 
damage, enzyme oxidation, and stimulation of proinflam- 
matory cytokine release (2,6,7). Mammalian cells have 



developed enzymatic and nonenzymatic antioxidant 
defense systems to prevent oxidative damage caused 
by oxidative stress (8). 

Malondialdehyde (MDA) is a stable end product of 
the peroxidation of membrane lipids by reactive oxygen 
species (ROS), and, thus, it is used as an indicator of 
increased lipid peroxidation. Interactions between MDA 
and membrane components result in disturbed structure 
and function of cell membranes (9). Nitric oxide (NO) is a 
freely diffusible intracellular and intercellular messenger 
that is synthesized from L-arginine by the family of NO 
synthase enzymes in mammalian cells. NO is both a gas 
and a free radical that reacts with many biological 
molecules. Increased production of NO during several 
inflammatory processes has been proposed (10). Another 
parameter related to oxidative stress is myeloperoxidase 
(MPO), which is a heme-containing enzyme found in 
azurophilic granules of human neutrophils (11). MPO is a 
heme enzyme that uses the oxidizing potential of super- 
oxide and hydrogen peroxide to convert chloride ion to 
hypochlorous acid and other ROS (12). MPO, which is 
released during inflammation, is an oxidative enzyme 
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present in phagocytes. MPO could be a key element res- 
ponsible for oxidative damage in the human artery wall 
(13). Glutathione (GSH) is an antioxidant whose role is to 
prevent damage caused by ROS (14). When oxidative 
stress is present, GSH is converted to its oxidized form of 
glutathione disulfide. The ratio of reduced GSH to 
oxidized glutathione within cells is often used as a 
measure of cellular toxicity. Therefore, an increase in 
glutathione disulfide is considered indicative of oxidative 
stress (15). 

The aphthous process is believed to be initiated by 
stimulation of the mucosal keratinocytes by a currently 
unknown antigen, leading to T-lymphocyte stimulation 
and the liberation of cytokines and various interleukins. 
TNF-a is a major inflammatory cytokine that has a 
chemotactic effect on neutrophils, thus driving acute 
inflammation and expression of major histocompatibility 
complexes. Changes in the TNF-a level and in IL-2, IL-4, 
IL-5, and IL-10 levels in RAU have been postulated 
(5,16). 

Although there are reports that have partially in- 
vestigated these parameters in patients with RAU, to 
the best of our knowledge, no study has evaluated all 
of these parameters in one trial, which could aid in 
determining a relationship between the oxidant/antiox- 
idant status of serum and the inflammatory condition. 
This is the first study to assay MDA and GSH parameters 
in the blood samples of RAU patients using the high- 
performance liquid chromatography (HPLC) method. 
Therefore, the aim of this study was to assess inflam- 
matory processes and free radical metabolism of patients 
with RAU. 

Material and Methods 

Subjects 

Ethical approval was obtained from the Ethics 
Committee of the Gazi University (No. 09.06.2009/71), 
and written consent was given by all participants accord- 
ing to the Helsinki Declaration. A power analysis was 
performed before the study to determine the minimum 
patient and control numbers. According to this analysis, 
the number of patients and controls was found to be 21 for 
each group. Therefore, 25 subjects were planned in each 
group. 

The study subjects were patients attending a dental 
school for treatment, and were asked to participate after 
a routine dental examination and an explanation of the 
study. A total of 26 females and 24 males from 19-40 
years of age (mean±SD, 28.9 ±3.8) participated. The 
patient group was selected following a detailed case 
history and clinical examination. Participants with indica- 
tions or recent history of acute inflammation and/or 
indications or history of systemic diseases such as 
respiratory, cardiovascular, endocrine, Behcet's, Crohn's 
and celiac diseases, anemia, or vitamin deficiency were 



not included. In addition, all participants were not currently 
taking any medications, were nonsmokers (never 
smoked), and free of any periodontal disease (all probing 
depths <3 mm) (17,18). The patient group (n = 25) 
presented acute, minor RAU lesions diagnosed by a 
dentist during the collection of serum samples and had 
experienced oral ulcer attacks at least three times a year. 
The control group (n = 25) was selected from participants 
who had the same characteristics as the patients and 
were matched for age and gender. They did not have any 
history and clinical signs of RAU. 

Blood samples 

Blood samples were collected at the same time the 
dental examination of each patient was performed. The 
blood samples were prepared as appropriate and stored 
at -80°C until biochemical analyses were performed. 

Measurement of MDA 

For the determination of MDA levels, a derivatization 
step was used, in which protein-bound MDA was 
hydrolyzed (60 min at 95°C) and converted into a 
fluorescent probe. The fluorescent probe was cooled to 
2-8° C, centrifuged at 10,000 g for 5 min, mixed with a 
reaction solution and injected into the HPLC system 
(Agilent Technologies 1200 series, USA; kits: Immuchrom 
GmbH, Germany). The isocratic separation via HPLC at 
30°C, using a reversed-phase column (Bischoff Prontosil 
Eurobond, 5 u.m, 125 mm x 4 mm; Germany), lasted 
for 4 min for each sample. The chromatograms were 
recorded by a fluorescence detector. Quantification was 
performed with the calibrator from the kit. The concentra- 
tion was calculated via integration of the peak heights 
using the following equation: 

COnC S ample = (peak heightpatient X COnCcalibrator) 

/peak height ca , 

ibrator 



Measurement of GSH 

The levels of GSH were measured. During the 
derivatization reaction, glutathione was converted into a 
fluorescent probe. A subsequent precipitation step 
removed high molecular weight substances. After cen- 
trifugation at 10,000 g for 5 min, the fluorescent probe 
was cooled to 2-8°C and injected into the HPLC system. 
The isocratic separation via HPLC at 30°C was 
performed with a reversed-phase column (MZ Inertsil 
ODS, 5 |im, 125 mm x 4 mm) in 2 runs. Each of these 
runs lasted 4 min. The chromatograms were recorded by 
a fluorescence detector. The quantification was per- 
formed with the delivered EDTA-blood calibrator; the 
concentration was calculated using the internal standard 
(IS) method. GSH was calculated by the following 
equation: 
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COnCsample = [(peak area pat ient X COnCcaiibrator) 

/peak area,s patient] x F 
F=peak areaisotthe caiibrator/peak area ca iibrator 



Measurement of NO 

The NO values were given as the sum of nitrite and 
nitrate, which are the stable end products of NO. The 
nitrate levels in the samples were spectrophotometrically 
determined based on the reduction of nitrate to nitrite by 
VaCI 3 . Nitrite levels were measured by the Griess reaction. 
Measurement of NO was done by a modified spectro- 
photometric method used by Green et al. (19). Sodium 
nitrite and nitrate solutions (1, 10, 50, and 100 u,M) were 
used as standards (19). 

Measurement of MPO 

MPO activity was assessed by measuring the H 2 0 2 - 
dependent oxidation of o-dianisidine. The MPO activities 
in the samples were determined with a modified spectro- 
photometric method (Shimadzu UV mini-1240, Japan) 
used by Colowick and Kaplan (20). One unit of enzymatic 
activity was defined as the amount of MPO that caused a 
change in the absorbance of 1.0/min at 410 nm at 37°C. 

Measurement of TNF-a and interleukins (IL-2, IL-10, 
and IL-12) 

TNF-a, IL-2, IL-10, and IL-12 levels were determined 
by enzyme-linked immunosorbent assay (ELISA; ELX 800 
Reader, BioTek, USA). The following ELISAs (Instant 
ELISA, Bender MedSystems Diagnostic, eBioscience, 
Austria) were employed for the measurement of each 
parameter: human TNF-a (kit BMS223INST); human IL-2 
(kit BMS221INST); IL-10 (kit BMS215INST), and IL-12 
(high sensitivity kit BMS238HS). 

Measurement of total antioxidant status (TAS) 

Serum TAS was determined using a novel automat- 
ed colorimetric measurement method developed by Erel 

(21) . In this method, a hydroxyl radical is produced by the 
Fenton reaction and reacts with the colorless substrate o- 
dianisidine to produce the bright yellowish-brown dianisyl 
radical. The results are reported as micromol Trolox 
equivalents per liter (|xmol Trolox Eq/L). 

Measurement of total oxidant status (TOS) 

Serum TOS was determined using a novel automat- 
ed colorimetric measurement method developed by Erel 

(22) . In this method, the oxidants that were present in the 
sample oxidized the ferrous ion substrate o-dianisidine 
complex to the ferric ion. This reaction was enhanced by 
the glycerol molecules present in the reaction medium. The 
ferric ion produced a colored complex with xylenol orange 
in the acidic medium. Subsequently, the color intensity, 



related to the total amount of the oxidant molecules, was 
spectrophotometrically measured (Shimadzu UV mini- 
1240). This assay was calibrated with hydrogen peroxide, 
and the results are reported as umol H 2 0 2 Eq/L. 

Determination of oxidative stress index (OSI) 

The ratio of TOS to TAS represents the OSI, an 
indicator of the degree of oxidative stress. The OSI value 
is calculated using the following formula: 

OSI (arbitrary unit)=TOS (|imol H 2 0 2 Eq/L) 

/TAS (nmol Trolox Eq/L) x 100 



Statistical analysis 

All data are reported as means ±SD. All statistical 
analyses were performed using the SPSS version 15.0 
statistical software package (SPSS Inc., USA). The data 
were analyzed with the Mann-Whitney U-test, the Levene 
test, and the f-test for equality of means of independent 
groups. The level of significance was set at P<0.05. 

Results 

MDA (P = 0.596), GSH (P = 0.002), MPO (P = 0.571), 
TNF-a (P = 0.004), IL-2 (P = 0.001), IL-12 (P = 0.384), 
TOS (P = 0.198), and OSI (P = 0.006) levels increased in 
the RAU group compared to the control group. On the 
other hand, NO (P = 0.089), IL-10 (P = 0.001) and TAS 
(P = 0.304) levels decreased in the RAU group compared 
to the control group. Statistical significance was only 
observed in GSH, TNF-a, IL-2, IL-10, and OSI levels 
(P<0.05). All parameters evaluated of RAU patients and 
healthy controls are summarized in Table 1 . 

Discussion 

The role of antioxidants in the maintenance of health 
and chemoprevention of disorders and diseases has 
received great attention (23). A possible relationship has 
been suggested between inflammatory processes and 
free radical metabolism. Immune defects can disturb the 
oxidant/antioxidant balance of the organism and can 
accelerate the formation of free radicals. The cytotoxic 
effects of free radicals lead to cell damage and increase 
oxidative stress. Enzymes of the oxidative system may be 
induced by free radicals produced as a result of the 
infiltration and activation of lymphocytes. Lih-Brody et al. 

(24) found increased oxidative stress and decreased 
antioxidant defense in the mucosa of patients with 
inflammatory bowel disease, and Kokcam and Naziroglu 

(25) reported a potential role of increased lipid peroxida- 
tion and decreased antioxidants in psoriasis. As inflam- 
matory mechanisms and oxidative stress have also been 
suggested in the pathogenesis of RAU, these parameters 
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Table 1. Parameters evaluated in patients with RAU and healthy 
controls. 



Parameters 



Healthy controls 
(n = 25) 



Patients with 
RAU (n = 25) 



MDA (umol/L) 0.76 ± 0.20 1.20 ± 0.78 

GSH (umol/L) 684.20 ± 63.60 864.26 ± 102.04* 

NO (umol/L) 19.84 ± 4.96 16.41 ± 2.32 

MPO (U/mg protein) 17.51 ± 3.88 18.74 ± 3.66 

TNF-ot (pg/mL) 3.45 ± 1.01 5.26 ± 1.21* 

IL-2(pg/mL) 1.94 ± 0.72 3.97 ± 0.38* 

IL-10 (pg/mL) 1.56 ± 0.29 0.89 ± 0.08* 

IL-12 (pg/mL) 24.65 ± 4.67 27.56 ± 4.92 

TAS (umol Trolox Eq/L) 2.15 ± 0.32 2.05 ± 0.38 

TOS (umol H 2 0 2 Eq/L) 3.54 ± 0.67 3.97 ± 1.34 

OSI (arbitrary units) 0.016 ± 0.01 0.019 ± 0.03* 

RAU: recurrent aphthous ulcer; MDA: malondialdehyde; GSH: 
glutathione; NO: nitric oxide; MPO: myeloperoxidase; TNF-a: 
tumor necrosis factor-alpha; IL: interleukin; TAS: total antioxidant 
status; TOS: total oxidant status; OSI: oxidative stress index. 
* P<0.05, compared to control (Mann-Whitney U-test, Levene 
test, and f-test). 

were investigated in the present study. In general, we 
have reached similar conclusions in previous studies, but 
there are some inconsistencies. Differences in the results 
may be related to the notion that RAU has more than one 
etiologic factor. Many factors, such as allergies, genetic 
predisposition, hormonal influences, hematologic abnorm- 
alities, immunologic factors, infectious agents, nutritional 
deficiencies, smoking cessation, stress, and trauma (4,5) 
are thought to be responsible for the occurrence of RAU. 

In the present study, we investigated whether there 
were any changes in all parameters in blood samples of 
patients with RAU compared with those of healthy 
controls. In this study, MDA levels were found to be 
higher, although not statistically significant, in the serum 
of RAU patients compared with the control group. 
Increased MDA levels may indicate that peroxidation 
reactions are activated due to an impaired antioxidant 
defense system in the extracellular fluid, which may be an 
indication of oxidative stress derived from inflammation. 
Some authors have reported that MDA levels in the 
plasma of RAU patients were higher than in the control 
group (26,27). Our findings included high levels of GSH in 
blood samples, which support the effect of oxidative 
stress as demonstrated by the increased TOS in RAU. 
Previous studies that evaluated glutathione peroxidase 
activity reported results inconsistent with those of this 
investigation. Cimen et al. (26) reported a decrease in 
glutathione peroxidase in erythrocytes. Karincaoglu et al. 
(28) reported decreased SOD and CAT activity in plasma 
of patients with RAU. Momen-Beitollahi et al. (2) reported 
no significant change in the glutathione peroxidase activity 
in erythrocytes. These differences may be associated with 



the use of various methods, as HPLC and blood samples 
were used in the present study, and/or the genetic 
divergence of each population. Additionally, the antioxidant 
composition and capacity may vary with dietary and 
nutrient deficiency. NO levels were found to decrease in 
serum of RAU patients compared with controls, but the 
change was not statistically significant. This finding 
indicated that NO does not appear to play a major role in 
the formation of RAU. Gunduz et al. (29) reported no 
significant change in plasma NO levels in RAU and 
Behcet's disease. Ozkan et al. (30) reported no significant 
difference between the serum NO levels in RAU and 
healthy patients, but reported a significant difference 
among patients with Behcet's disease. 

Given the results obtained from our study, we suggest 
that abnormalities of the cytokine mechanism (elevated 
TNF-a, IL-2, IL-12, and decreased IL-10 levels) may have 
accelerated lipid peroxidation and lead to an increase in 
oxidative stress in the serum. Simultaneously, the anti- 
oxidant mechanisms of serum are decreased. Due to low 
levels of IL-10, which functions to inhibit the release of 
cytokines, the inflammatory reaction may not be sup- 
pressed, and, hence, RAU may occur. Studies have 
indicated that T-cell immunity plays a role in the etiology 
of RAU (31-33). T-cell immunity reactions are described as 
TH1 and TH2 reactions. It is believed that IL-12 initiates 
TH1 reactions, and IL-10 initiates TH2 reactions. As the 
TH1 reaction is dominant in RAU, the T cells are thought 
to be induced by elevated IL-12 levels or decreased IL-10 
levels (34). Sun et al. (35) reported that the CD4 + , CD4 + 
IL-2R + , and CD8+ IL-2R+ cell counts and the serum 
level of IL-2 increased simultaneously in patients in the 
exacerbation stage of RAU. Those authors suggested that 
the markedly increased serum level of IL-2 may have 
resulted from secretion by the increased number of 
activated CD4+ cells and that the expression of IL-2R 
was upregulated by the serum level of IL-2 in patients with 
RAU. Buno et al. (36) reported elevated levels of IL-2 in 
lesioned mucosa and decreased levels of IL-10 mRNA in 
the acute RAU site. IL-10 typically stimulates epithelial 
proliferation in the healing process. Low levels in RAU may 
suggest a delay in epithelialization and prolongation of the 
duration of the lesions. As occurrence of RAU diminishes 
with advancing age, it is also of interest that whole blood 
assays reveal greater IL-10 production in the elderly 
compared with younger controls (37). Our results demon- 
strated an increase in IL-2 and IL-12 levels and a decrease 
in the IL-10 level in serum of patients with RAU. In addition, 
an approximately 1.5-fold increase in the level of TNF-a 
was present in RAU patients. Increased levels of TNF-a in 
serum of RAU patients were also reported by different 
authors (5,38,39). This result emphasizes the proinflam- 
matory effect of this cytokine in RAU. These results also 
favor an active, cell-mediated immune process, leading to 
the failure of the suppression of inflammation, thus, result- 
ing in an aphthous ulcer. 
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Serum TAS and TOS levels were evaluated in RAU 
patients in only a few studies (3,39). Those investigations 
demonstrated that RAU patients had higher TOS and 
lower TAS levels than healthy controls. In our study, the 
TOS levels were found to be higher in the serum of 
patients with RAU than in controls, but the difference was 
not significant. The increase in the TOS indicated 
increased lipid peroxidation in serum, which indicated 
oxidative stress in these patients. Additionally, the TAS 
levels were found to be lower in serum of patients with 
RAU than in controls, but again, the difference was not 
significant. One may conclude that the decrease in the 
serum antioxidant capacity may have led to an increase in 
the TOS of serum and/or are due to low levels of 
antioxidant capacity, that is, the body could not sufficiently 
eradicate the harmful effects of the increased oxidative 
stress. The difference in serum TAS may be related to i) 
the increased sensitivity of human peripheral blood 
lymphocytes to agents such as H 2 0 2 , and the greater 
number of DNA strand breaks in those cells compared 
with other cell types (28), and/or ii) the increased 
production of ROS by peripheral blood neutrophils (40). 
The OSI detected in our study was higher in patients with 
RAU than in healthy controls indicating the exact degree 
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